Online social networks appear to enrich our social life, which raises the question whether they remove cognitive constraints on human communication and improve human social capabilities. In this paper, we analyze the users' following and followed relationships based on the data of Sina Microblogging and reveal several structural properties of Sina Microblogging. Compared with real-life social networks, our results confirm some similar features. However, Sina Microblogging also shows its own specialties, such as hierarchical structure and degree disassortativity, which all mark a deviation from real-life social networks. The low cost of the online network forms a broader perspective, and the one-way link relationships make it easy to spread information, but the online social network does not make too much difference in the creation of strong interpersonal relationships. Finally, we describe the mechanisms for the formation of these characteristics and discuss the implications of these structural properties for the real-life social networks.
Introduction
In the past decade, the online social network has made new opportunities for communication and has revolutionized many aspects of our lives. As a new kind of online social networks, the Microblogging, such as Twitter and Sina Microblogging, has been developing rapidly in recent years. The online social network provides people with a public network platform, meets needs of computer-mediated communications, and rebuilds social connections. The structure and evolution of online social network have attracted the attention of researchers in different disciplines, including sociology, physics, and computer information technology [1, 2] . But large-scale and complex structure of online social network brings many difficulties in complete topological analysis. However, the emergence of complex network research [3] [4] [5] provides us with an effective method to study the online social network topology and information dissemination characteristics [6] [7] [8] [9] [10] [11] .
As for the mapping and expansion of the actual social networks on the Internet, online social networks have broken the spatiotemporal limitations and decreased communication cost. Will the online social networks change the rules of actual social networks? The following studies reach fundamentally different conclusions: Backstrom and Boldi [12] studied the largest online social network that has ever been created (721 million active Facebook users and their 69 billion friendship links). The analyses of data proved that the average distance of Facebook has shortened from 5.28 in 2008 to 4.74 in 2011. When the search scale was narrowed to a country, it showed that most of the people were in fact only four apart. The result presented the "shrinking diameter" phenomena [13] . It suggested that the online social network made the relationship among people come closer. Six degrees of separation is inapplicable to the online social network. However, the statistics of Facebook's official website showed that the average number of Facebook active users' friends was 130 (http://www.facebook.com/press/info.php?statistics), which agrees well with Dunbar's number. Similarly, Gonçalves et al. [14] analyzed a dataset of Twitter conversations collected across six months involving 1.7 million individuals and found that users kept stable relationships with 100-200 users. The data is in agreement with Dunbar's result too. Thus, the "economy of attention" is limited in the online world by cognitive and biological constraints as predicted by Dunbar's theory [15] . Has online social network changed our real-life social pattern? Why do such discrepancies exist between the studies? The differences are due to the different analytical content and analysis approach. The low cost of the online network forms a broader perspective, and the one-way link relationships make it easy to spread information, but the online social networks do not make too much difference in the creation of strong interpersonal relationships. These online social relationships, which may reflect the real-life social networks, create an unprecedented field to understand the characteristics of human networks [16, 17] .
In this paper, we study the topological characteristics of Sina Microblogging and try to explain its characteristics formation mechanism by comparing it with the real-life social networks. This paper is organized as follows. Section 2 describes our data collection on Sina Microblogging. Then, we conduct topological analysis of the Sina Microblogging network and analyze the mechanisms for the formation of the structure in Section 3. In Section 4, we study the mixing patterns on the Sina Microblogging network. In Section 5, we focus on the analysis of node importance by betweenness centrality. In Section 6, we conclude.
Sina Microblogging Data Collection
In August 2009, Sina Microblogging began its trial service and became the most popular Microblogging service in China, with more than 500 million users as of 2013. Sina blog and Sina news provide good capital bases and natural advantages for the success of Sina Microblogging. Due to these advantages, Sina Microblogging developed the characteristics of We Media that spread news faster than any other media. In order to study the structure of Sina Microblogging, we develop a spider with Python for Sina Microblogging. The snowball [18] crawl algorithm has been applied in the spider. We collected profiles of 3441 users on Sina Microblogging until November 11, 2011. Isolated points are excluded, so that filter leaves only 839 nodes. In order to protect privacy, we only keep the users' ID number in the original data information about the users. Based on the "following" and "followed, " we construct an undirected network which has 2112 links and analyze its basic characteristics.
Analysis of Network Structure
We begin our analysis of Sina Microblogging from the following aspects. In Section 3.1, first, we calculate the degree distribution. Then, we evaluate the average path length and clustering coefficient and study the reason why Sina Microblogging possesses obviously small-world property in Section 3.2.
Power-Law Node Degrees.
In Table 1 , we summarize the degree distribution of Sina Microblogging. We find that only a few nodes of the network have a high degree. The degree distribution is very unevenly distributed.
We begin the analysis of Sina Microblogging topology by looking at its degree distributions. Networks of a power-law degree distribution, ( ) ∝ − , where is the node degree and ≤ 3, attest to the existence of a relatively small number of nodes with a very large number of links. Many social networks satisfy power-law degree distribution [19, 20, 23] , and a few networks obey stretched exponential distribution [24] which is defined as ( ) = −( / 0 ) . The degree distribution of Sina Microblogging is shown as in Figure 1 . The -axis represents the frequency of degree. It satisfies a power-law distribution with an exponent of 1.75; the goodness of fit is 0.712.
The networks which meet a power-law distribution have scale-free property, and such networks are called scalefree networks. Therefore, Sina Microblogging is a scale-free network. The real-life social networks are usually scale-free networks. The scale-free network is caused by the growing and preferential mechanisms that the new nodes trend to connect with hub nodes, and this phenomenon is called the Matthew effect.
The Small-World Property.
The study of "small-world" networks has become a key to understanding the societal structure, ever since Stanley Milgram's famous "six degrees of separation" experiment. In his work, he reports that any two people could be connected on average within six hops from each other. Watts and Strogatz [3] have revealed two important characteristics of "small-world" networks: 5.53 0.1215 Co-author network [22] 4.6 0.066
(1) the "small-world" networks have small characteristic path lengths, like random graphs; (2) the "small-world" networks can be highly clustered, like regular lattices. The network measurement studies have shown that the real networks are mostly small-world, especially social networks [13, 21] . The concept of average path length for undirected networks is well known; the measures are related by
where , are two nodes, is the number of nodes in the network, and denote the shortest distance between and .
The average path length is closely connected to the characteristics of the network, such as connectivity, reachability, and transferring latency. A short average path length facilitates the quick transfer of information and reduces costs.
Another property of "small-world" networks is the clustering coefficient. It is the measure of the extent to which one's friends are also friends of each other. The local clustering coefficient for a node is then given by the proportion of links between the nodes within its neighborhood divided by the number of links that could possibly exist between them. The local clustering coefficient for undirected graphs can be defined as
where is the degree of node and is the number of edges between neighbors of node . The clustering coefficient for the whole network is given by Watts and Strogatz [3] as the average of the local clustering coefficients of all the nodes; the measures are related by
The networks with the largest possible average clustering coefficient are found to have a modular structure.
The results concerning average path length and clustering coefficient are displayed in Table 2 . Compared with the same scale random network, the average path length of Sina Microblogging is shorter than random network (the average path length of random network is defined as ( ∝ ln / ln ), and the clustering coefficient is much greater than the random network (the clustering coefficient of random network is defined as = ⟨ ⟩/ ). Thus, we confirm that Sina Microblogging has the small-world property.
Renren, Cyworld, and Mixi are the largest and oldest online social networking services in China, South Korea, and Japan, respectively. Coauthor network is a kind of reallife social network. By contrast, the average path length of Sina Microblogging has a shorter average path length and a greater clustering coefficient. It is revealed that Sina Microblogging's small-world property is the most obvious. The striking small-world phenomenon indicates that there are rich local connections in Sina Microblogging network, the nodes are linked closely, and information dissemination is more efficient.
We analyze the mechanisms for the formation of smallworld property from the following two aspects. First is the user's behavior aspect. In 2011, for many users, the main reasons they use social network out there are the latest developments of friends (73.4%), keeping in touch with old friends (73.1%), and documentation of life and feeling (67.5%), and the main purposes of Microblogging users are getting information (58.1%), following celebrities (57.6%), discussing the hot topics, and personal experience (52.3%), according to the data of "the user behavior research of SNS and microblogging in China. " The Microblogging users tend to use the Microblogging to record personal feelings, share the news, and find groups with similar interests, and the traditional SNS users show themselves, contact with friends in real life, and expand social circle on SNS. Consequently, the former are oriented to information exchange, but the latter stress interpersonal communication.
Second is the aspect of users' link mode. The main difference between the Renren, Cyworld, and Mixi networks and Microblogging is the directed nature of Microblogging relationship. In Renren, Cyworld, and Mixi, a link represents a mutual agreement of a relationship, while on Sina Microblogging a user is not obligated to reciprocate followers by following them. Thus, a path from a user to another may follow different hops or not exist in the reverse direction. Both the internal links (strong ties) and one-way following links (weak ties) are in Microblogging. And the Microblogging's distinction between different types of interactions allows us to get more information: personal interactions are more likely to occur on internal links (strong ties) and events transmitting new information rely more on one-way following links (weak ties) [25] .
In conclusion, Microblogging is easier to form the user centric We Media than traditional SNS; therefore, it possesses small-world property that can facilitate the flow of information.
In order to gauge the correlation between clustering coefficient and the degree, we plot the clustering coefficient of nodes ( ) against the degree of nodes ( ) in Figure 2 and bin the clustering coefficient in log scale. If the correlation between clustering coefficient and the degree accords with ( ) = − , we can consider that the network is of apparent hierarchical structure. We observe that the clustering coefficient varies inversely as the degree. It satisfies a power-law 
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Excess average degree distribution with an exponent of 0.733, and the goodness of fit is 0.712. Thus, the Sina Microblogging has apparent hierarchical structure, where vertices divide into groups that further subdivide into groups of groups and so forth over multiple scales. The structure is caused by Sina Microblogging's fans mechanism. Basing on the user interest and the celebrity effect, Sina Microblogging builds many kinds of fans groups. Celebrities and professionals in a certain area who have more resources and influence will get more attention, and these users only keep internal links with peers or slightly lower level users and so forth until the hierarchical structure is formed.
The Mixing Patterns
Mixing patterns refer to systematic tendencies of one type of nodes in a network to connect to another type. There are three types of mixing patterns: assortative network, disassortative network, and neutral network. Similar vertices tend to connect to each other in assortativity network, and nodes of low degree are more likely to connect with nodes of high degree in disassortative network. A lot of empirical studies [26, 27] had revealed that the real-life social networks trend to assortativity, opposite of the online social networks. In real-life social networks, the ordinary people want to get along with the celebrity, while the celebrity tends to make the acquaintance of peers; therefore, the ordinary people have less opportunity to integrate into the circles of the celebrity. In contrast, the ordinary people can easily get connected with the celebrity; the celebrities are also willing to show their influence by the number of fans in the online social network. Thus, the online social networks trend to be disassortative networks.
We cannot understand the mixing pattern intuitively, so we introduce the concept of excess average degree. The excess degree is the number of edges leaving the vertex other than the one we arrived along. This number is one less than the degrees of the vertices themselves. The excess average degree is defined as
The excess average degree is positive in assortative network and negative otherwise. Figure 3 plots the curve of the excess average degree ( ) against the degree ( ) as the red line. We see significant negative correlation. Hence, the Sina Microblogging is a disassortative network.
To better understand the meaning of disassortative network, we illustrate the network connections of the node ID 975 in Figure 4 . In connected component, different colors represent different communities. We find that the node ID 975 connects with three hubs of community and shows disassortativity.
Analysis of Node Importance
Social networks are discrete systems with a large amount of heterogeneity among nodes. Measures of centrality direct at a quantification of nodes' importance for structure and function. The most direct measure of centrality is the degree centrality; that is, the node with greater degree is the most important one. In addition, betweenness centrality is also a measure of node's centrality in a network and can be used to measure the influence a node has over the spread of information through the network. It is equal to the number of the shortest paths from all vertices to all others that pass through that node.
In Figure 5 , we plot the correlation between node betweenness centralities and degrees. Then, we compute that the average of node betweenness centralities is 33.62 and the correlation coefficient is 0.96, indicating that there are strong and positive correlations between node betweenness centralities and degrees. However, the special case discussed here is the one in which the node connecting to several groups has high betweenness centrality. We rank users by betweenness centrality and find three nodes both in the top 5% list and with a degree less than 10. They connect with all communities in the network and act as bridges between the different communities. The result is consistent well with the structural holes theory that was advanced by sociologist Ronald Burt in real-life social network study.
Conclusions
In this paper, we have studied the structural properties of Microblogging ever created (839 active Sina Microblogging users and their 2112 social relations) from several viewpoints.
First of all, we have found a power-law distribution, a short average length, and a high clustering coefficient in its topology analysis, which are all compatible with known characteristics of other online social networks and real-life social networks. In order to illuminate the mechanisms for the formation of small-world property, we have studied the difference between Sina Microblogging and traditional social networks from the aspect of users' behavior and the users' link mode and found that Sina Microblogging can easily form the user centric We Media. Therefore, it possesses smallworld property that can facilitate the flow of information. Then, we calculated the correlation between clustering coefficients and degrees and showed that Sina Microblogging has apparent hierarchical structure, and we have found that Sina Microblogging trends to be disassortative network, which all mark a deviation from real-life social networks. Moreover, we analyzed the betweenness centralities of intermediary nodes and confirmed that the intermediary nodes can control the spread of information. Last but not least, our work is only the first step towards exploring the difference between the online and real-life social networks. Much work still remains.
